Introduction
Infective endocarditis (IE) is a severe disease that is associated with high morbidity and mortality [1] [2] [3] [4] [5] and whose incidence and severity remain unchanged (or even increased) despite improvements in diagnostic and therapeutic strategies. Reasons for this persistently poor prognosis are numerous and include an increasing proportion of older patients with more severe disease, changing epidemiological profiles and greater numbers of patients with prosthetic valve or device-related infection. 5, 6 There were several motivations to create an ESC-EORP European Endocarditis Registry:
• The epidemiological profile of IE has changed in recent decades, with important differences between countries and increasing numbers of staphylococcal and nosocomial cases. 1, 6 While the European Society of Cardiology (ESC) Euro Heart Survey on valvular heart disease performed in 2001 provided useful information regarding the management of IE across Europe at that time, 7 no attempt has been made to update and implement the results of the Euro Heart Survey in the contemporary era. There is, therefore, a need for a comprehensive and dedicated IE survey.
• New strategies have been developed to improve diagnosis and prognosis. The ESC Guidelines on the management of IE were published in 2015 and provided new insights into the diagnostic and therapeutic management of these patients. 8 However, their implementation in real-world clinical practice has never been studied.
• Although echocardiography is the principal diagnostic imaging technique used in IE 9 , other non-invasive imaging techniques have received increasing attention, including multislice computed tomography (MSCT), magnetic resonance imaging, and nuclear imaging ( 18 F-fluorodeoxyglucose positron emission tomography/computed tomography, and leucocyte scintigraphy). [10] [11] [12] However, their availability and application in different countries are unknown.
• Early surgery is recommended in patients with complicated IE but its impact on prognosis is still debated. [13] [14] [15] With the present IE registry, it will be possible to assess whether the implementation of guidelines and increased use of early surgery are associated with a reduced in-hospital and 1-year mortality.
The aim of the ESC-EORP European Endocarditis Registry (EURO-ENDO) is to undertake a contemporary international investigation of the care and outcomes of IE in Europe. The primary objective is to evaluate the outcome of patients diagnosed with IE. The secondary objectives are to assess the current clinical, epidemiological, microbiological, therapeutic, and prognostic characteristics of IE in Europe, to assess the current practices of imaging in IE in Europe and in affiliated countries, to assess the degree of implementation of the ESC guidelines in practice, and to compare these current data with those obtained in the Euro Heart Survey. The additional input of several non-European countries which accepted to participate in the registry will also enable comparison of IE in Europe and other international regions.
Methods

Study design and data collection
The ESC-EORP EURO-ENDO registry is a prospective multicentre observational study of patients presenting with definite or possible IE to hospitals in Europe and ESC-affiliated/non-affiliated countries. The detailed methodology of EURO-ENDO has already been reported. 16 Briefly, from 1 January 2016 to 31 March 2018, centres were asked to include consecutive patients aged greater than 18 years who presented with IE during a 1-year period. Participating centres were identified by the European Association of Cardiovascular Imaging as either high level IE centres: high volume of treated patients (> _20 patients per year) with expertise in IE diagnosis, management, imaging and surgical therapy or lowvolume centres (<20 patients per year), without surgical facilities 16 . Inclusion criteria were a diagnosis of definite IE (or possible IE considered and treated as IE) based on the ESC 2015 IE diagnostic criteria. 8 After informed consent, data were collected at inclusion and during hospitalization, including demographics, patient history, Charlson index, taking into account age and several comorbidities, 17 clinical, biological, microbiological, and echocardiographic findings, use of other imaging techniques (CT scan, 18 F-FDG PET/CT, leucocyte scintigraphy), medical therapy, complications (embolic event, infectious, and haemodynamic complications), theoretical indications for surgery, and in-hospital mortality. 16 
Data management and statistical analysis
All data were collected by the collecting officers or investigators at the participating centres and included in an electronic case report form (CRF) for on-line data entry. All patients enrolled with possible or definite IE were included in the analyses. Univariable analysis was applied to both continuous and categorical variables. Continuous variables were reported as mean ± SD or as median and interquartile range (IQR). Among-group comparisons were made using a non-parametric test (Kruskal-Wallis test). Categorical variables were reported as counts and percentages. Among-group 2 Â 2 comparisons were made using a v 2 test or Fisher's exact test if any expected cell count was <5. In other cases, the Monte-Carlo estimate of the exact P-value was used. Plots of the Kaplan-Meier curves for time to all causes of deaths were performed. The Kaplan-Meier curve of time to death were also adjusted for the covariates from the Cox proportional hazard model.
Pairwise correlations between all candidate variables (variables with P < 0.10 in univariate) within the model and variables considered of relevant clinical interest were tested before proceeding to the multivariable model. In case of correlation, some criteria were not taken into account. A backward multivariable Cox regression analysis was performed to identify the independent predictors of in-hospital all-cause mortality (only the first month of survival was taken into account). Significance levels of 0.05 were required to allow a variable to stay (SLSTAY = 0.05) within the model. Some measures of model fit were considered: concordance and the Goodness of fit test proposed by May and Hosmer. 18 In addition, the proportional hazard ratios assumptions were verified graphically and with the Schoenfeld residuals test. A backward multivariable logistic regression analysis was performed to identify the independent predictors of indication of cardiac surgery. Significance levels of 0.05 were required to allow a variable to stay within the model. All analyses were performed using SAS statistical software version 9.4 (SAS Institute, Inc., Cary, NC, USA) and R version 3.5.1. 
Results
A total of 156 centres from 40 countries included 3116 cases of IE (Supplementary material online, Table S1 ), representing a mean of 20.19 patients per centre per year. Among the 156 active centres, 120 (76.9%) were from ESC-affiliated countries and 36 (23.1%) were outside Europe, including 79.5% high-volume centres and 20.5% lowvolume centres 16 . Low-volume centres included 238 (7.6%) patients, high-volume centres 2878 (92.4%) patients, without difference between European and non-European countries. Patients were enrolled from the cardiology ward in 48.9% of cases, the ICC/CCU in 15.0%, the general internal medicine ward in 8.8%, the echocardiography laboratory in 7.8%, the cardiac surgical ward in 10.1%, the infectious diseases ward in 9.3%, and the electrophysiology ward in 0.1%. Infective endocarditis was definite in 2610 (83.8%) patients and possible in 506 (16.2%).
Patient demographics and characteristics
The main demographic and characteristics of patients are displayed in Table 1 . Among the 3116 patients, 1764 (56.6%) had native valve IE (NVE), 939 (30.1%) prosthetic IE (PVIE), and 308 (9.9%) intracardiac device-related IE (CDRIE), with similar proportions observed within and outside Europe. Infective endocarditis complicated congenital heart disease in 365 (11.7%) patients. The 105 remaining patients not categorized as PVIE, NVE, or CDRIE corresponded either to another location or to an undetermined location of the infective process. These patients were included in total analysis but not in groups comparisons analysis. Mean age was 59.25 ± 18.03 years (46.3% > _ 65 years and 12.0% > _ 80 years) and was higher in European than in non-European countries (60.97 ± 17.36 vs. 52.66 ± 19 .01, P < 0.0001). There was a history of intravenous drug use in 212 (6.9%) patients. Infective endocarditis was healthcare associated in 1027 (32.96%) patients (nosocomial in 60.8% of them, nonnosocomial in 39.2%), community-acquired in 2046 (65.66%) patients, and undetermined in 1.38% of patients, without significant difference between European and non-European countries.
The most frequent preceding non-cardiac interventions performed within the last 6 months were dental procedure (7.9%), gastrointestinal intervention (3.4%), colonoscopy (3.3%), and urogenital intervention (2.8%). The portal of entry was dental in 9.8%, digestive in 6.3%, and genitourinary in 4.5%. The location of IE was aortic in 49.5% patients, mitral in 42.0%, tricuspid in 11.4%, and pulmonary in 2.4%. Infective endocarditis affected two or more valves in 556 (18.2%) patients. The median time since first medical consultation was 4.0 (0.0-15.0) days and higher in NVE than PVIE (P < 0.0001).
Clinical, electrocardiographic, and biological features
The main clinical and biological characteristics of patients are displayed in Supplementary material online, Tables S2 and S3 . Fever (77.7%) and congestive heart failure (27.2%) were the most frequent symptoms. Symptomatic embolic events were present on admission in 25.3% of patients. Conduction abnormalities were observed on admission in 11.5% of cases, including first-degree AV block in 8.1% of cases, and third-degree AV block in 2.8%. New AV block under therapy occurred in 4.6% 
Imaging
Among the 3116 patients, echocardiography was performed in 3111 (99.8%), transthoracic echocardiography (TTE) in 2793 (89.8%), and transoesophageal echocardiography (TOE) in 1808 (58.1%), with TOE being more frequently used in suspected PVIE (P < 0.0001). 18 Ffluorodeoxyglucose positron emission tomography/computed tomography was performed in 518 (16.6%), leucocyte scintigraphy in 38 (1.2%), and multislice CT in 1656 (53.1%) patients ( Figure 1) . 18 F-fluorodeoxyglucose positron emission tomography/computed tomography was more frequently used in PVIE (25.0%) and CDRIE (26.0%) than in NVE (9.5%) (P < 0.0001).
Use of different imaging techniques differed between countries (Supplementary material online, Table S4 ). For instance, although echocardiography was used similarly between countries, 18 F-FDG PET CT was more frequently used in Western Europe (33.9%), but very rarely in South America (2.1%), North Africa (0%), and Asia (0.5 to 8.5%).
A major imaging criterion was found by echocardiography in 2776 (89.1%) patients, including vegetation in 72.7% of patients, abscess or false aneurysm in 13.9% , and new prosthetic dehiscence in 3.4%. Abscesses were more frequently observed in PVIE than in other forms of IE ( Figure 2) .
Positron emission tomography/computed tomography equipment was available in 71 (70.3%) centres in ESC-affiliated countries and in 18 (56.3%) centres elsewhere and was ultimately used in 16 .6% of patients (25.0% in suspected PVIE). 18 F-fluorodeoxyglucose positron emission tomography/computed tomography was performed at a mean of 8 (IQR 4.0-15.0) days after inclusion, including 46.7% during the first week, 27.2% during the second week, and 26.1% thereafter. 18 F-fluorodeoxyglucose positron emission tomography/computed tomography presented with any positivity in 361 (69.7%) patients, 74.9% in PVIE, 62.5% in NVE, and 77.5% in CDRIE (P = 0.018).
Considering only cardiac uptake (major criterion), 18 
In-hospital follow-up under treatment
Main events occurring during hospitalization are summarized in Supplementary material online, Table S5 .
Embolic events were the most frequent complication, observed in 20.6% of patients, followed by acute renal failure (17.7%) and heart failure (14.1%). Embolic events under therapy were more frequent in patients with definite (22.7%) than in patients with possible (9.5%) IE (P < 0.0001) and was similar between European and non-European 
(64.7%) than in definite (75.3%) IE (P < 0.0001). Indications for surgery were haemodynamic in 46.3% of cases, embolic in 32.1%, and infectious in 64.2%. Among factors associated with more frequent cardiac surgery by multivariable analysis, the most powerful were congestive heart failure (OR = 2.27 [1.57-3.28 ], P < 0.0001), vegetation length > 15 mm (OR = 2.33 [1.75-3.10], P < 0.0001), cerebral complication (OR= 1.69 [1.13-2.53 ], P = 0.0105), abscess (OR = 4.18 [2.59-6.76 ], P < 0.0001), and management in an European country (OR 1.45 [1.15-1.82 ], P = 0.0016). Conversely, high Charlson index (OR =0.94 [0.91-0.97], P = 0.0005), and female gender (OR =0.73 [0.59-0.90], P = 0.0028) were associated with lower surgical use.
Reasons for absence of surgery when indicated and types of surgery performed are summarized in Supplementary material online, Table S6 . Comparison of the reasons for absence of surgery when indicated between European and non-European countries found more frequent patient refusal (30.4% vs. 16 .5%, P = 0.0018) and more frequent neurological complication (17.4% vs. 10 .0%, P = 0.038) in non-European countries.
In-hospital death occurred in 532 (17.1%) patients and was higher in PVIE than in other groups ( Table 2 ) but was similar between European and non-European countries (16.8% vs. 18 .1%, P = ns). Causes of in-hospital death are reported in Table 2 . By univariate Cox regression analysis ( Table 3) , type of endocarditis, age, Charlson index, creatinine > 2 mg/dL, congestive heart failure, S. aureus infection, vegetation length, cerebral complications, nosocomial source of infection, and perivalvular complications were significantly associated with in-hospital mortality. Predictors of mortality by multivariable analysis ( Table 4 ) were Charlson index, creatinine > 2 mg/dL, congestive heart failure, vegetation length > 10 mm, cerebral complications, abscess, and failure to undertake surgery despite a guideline recommended indication. In-hospital mortality was not significantly different between NVE, PVIE, and CDRIE ( Figure 3A) but was higher in patients in whom surgery was indicated but not performed ( Figure  3B) . Similar results were obtained when the Kaplan-Meier curve of time to death were adjusted for the covariates from the Cox proportional hazard model (Take home figure) .
Discussion
The EURO-ENDO registry provides a unique opportunity to assess the current characteristics of IE in Europe, including clinical presentation, microbiology, complications, management, and prognosis. Since several countries beyond Europe also participated, it will also enable comparison of the characteristics of IE according to geographical and socioeconomic factors. Finally, although 20 times larger, it will allow historical comparison with the previous EuroHeart survey 7 which enrolled patients over a 4-month period in 2001.
The following main messages arise from the analysis of EURO ENDO:
(1) IE more frequently affects men around 60 years of age.
(2) PVIE, CDRIE, nosocomial, staphylococcal, and enterococcal endocarditis are more frequent. 
(3) Oral streptococcal endocarditis is less frequent, and its frequency has not increased since implementation of the 2009 and 2015 recommendations restricting indications for antibiotic prophylaxis. 
Current clinical and microbiological characteristics of IE
EURO-ENDO confirms the increasing age of the population with IE. This in agreement with the progressive increase in age observed in three 1-year population-based surveys conducted in 1991, 1999, and 2008 in three French regions, 5, 6 in which total IE incidence remained stable over time, but mean age progressively increased from 57.9 ± 16.6 years in 1991 to 61.6 ± 16.3 years in 2008.
The frequency of prosthetic IE is also increasing, accounting for 30% of cases in EURO-ENDO. In comparison, PVIE represented only 26% of cases in the EuroHeart survey, 7 25% in the 2008 French registry, 5 and 21% in the International Collaboration on Endocarditis-Prospective Cohort Study reported in 2009. 1 In this latter series, the frequency of CDRIE was also much lower (7% of IE) than in the EURO-ENDO registry, confirming the increasing proportion of both PVIE and CDRIE as compared with NVE.
The low frequency of dental portal of entry in EUROENDO, combined with the low frequency of oral streptococci [lower than in the EuroHeart Survey (15%), 7 the 2008 French registry (20.6%), 5 and the International Collaboration on Endocarditis-Prospective Cohort Study (17%) 1 ], is reassuring in the wake of the 2009 and 2015 ESC guidelines, which recommended restricting the use of antibiotic prophylaxis to high risk populations undergoing at-risk dental procedures. 8 Conversely, the high frequency of enterococci observed in EURO-ENDO represents a significant change compared with the 8% and 10% frequency observed in the 2002 French survey 5 and 2009 International Collaboration on Endocarditis-Prospective Cohort Study, 1 respectively. The burden of enterococcal IE may relate to increasing age. 19 Finally, the number of culture-negative IE observed in EURO-ENDO (21%) was higher than those previously reported Imaging EURO-ENDO reveals a transformation in the use of imaging techniques since publication of the 2015 ESC guidelines. 8 Echocardiography remains the most frequently used technique. Although the respective diagnostic values of TTE and TOE were not compared in EURO-ENDO, the observed more frequent use of TOE in suspected PVIE is in agreement with current guidelines for the use of echocardiography in IE. 9 Surprisingly, TOE was performed in only 58.1% of patients, which may be considered a low proportion compared with current guidelines. 8 However, a wide range of TOE use was observed among countries and regions (Supplementary material online, Table S4 ).
18
F-fluorodeoxyglucose positron emission tomography/computed tomography and multislice CT are more frequently used, particularly in the field of suspected PVIE. Interestingly, there was an important gap in EURO-ENDO between the high availability of PET/CT and its relatively limited use in clinical practice. This underuse might have several explanations, but the most important are probably the variable availability of PET/CT for cardiac studies, the technique being preferentially used for the follow-up of patients with cancer in many centres, and its limitations in haemodynamically unstable patients. 8,10-12 18 F-fluorodeoxyglucose positron emission tomography/computed tomography has recently been found to be useful for the diagnosis of 
prosthetic valve IE, [10] [11] [12] supporting the implementation of abnormal FDG uptake as a novel major criterion for IE in the 2015 ESC guidelines, 8 despite inherent limitations. 20 In EURO-ENDO, 18 F-FDG PET/CT demonstrated high sensitivity in PVIE (63%) compared with NVE (28%) and CDRIE (16.2%) . This confirms that 18 F-FDG PET/CT should be used in suspected PVIE (particularly when the diagnosis is uncertain) and that additional studies are needed to define the best indications for this test in NVE and CDRIE. The additional diagnostic value of 18 F-FDG PET/CT and cardiac CT in suspected PVIE validates use of the ESC criteria rather than the Duke criteria 21 in this setting.
Although MSCT was used in more than half of patients in EURO-ENDO, cardiac CT was performed in only 10%, demonstrating clear underuse of this technique, particularly for the diagnosis of perivalvular involvement in PVIE. 8, 11 Management and outcome of infective endocarditis in EUROENDO registry Use of surgery during hospitalization in EURO-ENDO was similar to the patterns observed in the Euro Heart Survey, 7 2008 French Registry, 5 and 2009 International Collaboration on Endocarditis-Prospective Cohort Study. 1 Approximately 50% of patients with IE underwent surgery during hospitalization (both in NVE and PVIE) and the principal indications for surgery were haemodynamic, embolic, and infectious. Surprisingly the most frequent indication in EURO-ENDO was infectious, probably related to the high proportion of PVIE and perivalvular lesions. Other important observations related to the choice of surgical technique. Bioprosthetic aortic valves were used in most cases (58.3%) in EURO-ENDO whereas mechanical valves were preferred at the time of the EuroHeart Survey (74%). In contrast, the application of mitral valve repair techniques was relatively disappointing (25.1%) in EURO-ENDO and similar to that reported in the Euro Heart Survey. One explanation is that significant delay before surgery in EURO-ENDO resulted in valve destruction and difficulty in performing valve repair. 11 Indeed, one of the key reasons for withholding appropriate surgery in EURO-ENDO was death before surgery could be performed (22.5% of cases). This unacceptable feature underlines the need for early discussion with surgeons within the IE team, as recommended by ESC guidelines. 8 EURO-ENDO confirms the high risk of embolic events in IE. Embolic events occur in up to 40% of patients with IE (with a high burden of cerebral manifestations 22, 23 ) and are associated with increased morbidity and mortality. 23 The risk of new embolic events (i.e. after initiation of antibiotic therapy) is only 6-21%, 21 yet embolism was already present on admission in 25.2% patients in the EURO-ENDO registry and the rate of new embolic events occurring during hospitalization was very high (20.5%). In comparison, embolic events were observed in 23% in the ICE cohort, 1 and embolism was the reason for surgery in 18% of the Euro Heart survey. 7 Factors associated with embolic events were similar to previous studies, with a major role of staphylococcal infection, vegetation presence, and size. More surprising was the fact that tricuspid, pulmonary, and aortic IE were associated with the highest risk of embolism.
In-hospital mortality rate is associated with known risk factors, including PVIE, age, comorbidity, S. aureus infection, congestive heart failure, cerebral complications, perivalvular lesions, and vegetation length. The major cause of death was heart failure. Interestingly, mortality was particularly high in EURO-ENDO when surgery was Take home figure Prognosis of infective endocarditis is dismal when cardiac surgery is indicated but not performed (adjusted Kaplan-Meier curve).
indicated but not performed, emphasizing the role of an aggressive surgical strategy in these patients. Although the exact reason to contra-indicate surgery in 58.2% of patients with a theoretical surgical indication is unknown, it is probably related to a combination of several parameters (age, frailty, left ventricular dysfunction, and multiple surgeries). The 17.1% mortality observed in EURO-ENDO is consistent with the 18% mortality observed in the ICE cohort 1 but higher than the 12.6% mortality observed in the Euro Heart survey 7 (although this latter series included only 159 patients).
Study limitations
EURO-ENDO represents a unique evaluation of the current features and treatment of IE.
Nevertheless, the study has inherent limitations and is unlikely to be a true population-based sample. For instance, we cannot be sure that all centres really included all their patients consecutively and prospectively, since the study was based on the volunteer participation of each centre. Like other voluntary registries, it is an observational study of patients from centres with a special interest in IE, most centres being tertiary referral centres with cardiac surgical programmes. These limitations were counterbalanced by the high number of enrolled patients, the quality of CRF completion, and representation of a wide range of both university and non-academic hospitals in many countries around the world. Another limitation of the EURO-ENDO registry is that information concerning the number of patients transferred from the centres without cardiac surgery to centres with cardiac surgery was missing, as well as the number of centres having an 'endocarditis team'. 8 Both might have influenced the outcome of the patients but could not be included in the multivariate analysis of predictors of death, since they were not collected in the CRF. Finally, long-term follow-up, including events occurring during the first year will be assessed in future ancillary studies of EURO-ENDO.
Summary and conclusion
The ESC EORP EURO-ENDO registry is the most comprehensive observational cohort of patients hospitalized with IE. Its main findings are the high frequency of PVIE, CDRIE, nosocomial, staphylococcal and enterococcal IE, the low frequency of streptococcal IE, the emergence of new imaging techniques, and the persistently high in-hospital mortality.
Although the result of EURO-ENDO should be considered with caution, since important limitations are inherent to such a registry, it provides new insights concerning the contemporary profile of patients admitted to hospital with IE, their investigation, treatment and clinical outcomes, and the influence of the 2015 ESC Clinical Practice Guidelines for the management of IE on clinical practice. Given the paucity of randomized or large-scale observational data in IE, this registry offers a unique perspective on the current care and clinical outcomes of patients with IE across a wide range of countries.
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